High-throughput sequencing and metagenomics are revolutionizing virus discovery and enabling the rapid tracking of disease outbreaks on potentially clinically actionable time scales [1] . Metagenomics may also eventually reveal the total infectome (bacteria, viruses, eukaryotic parasites) of an individual host in a single sequencing run, turbo-charging diagnostics [2] . Although the science of this new genomic era faces a number of challenges e with the sheer quantity and complexity of data generated by rapidly developing sequencing technologies both a help and a hindrance e one additional, major, and often unanticipated problem, is reagent contamination. In a new study, Asplund et al. [3] reveal the remarkable scale and pattern of virus contamination in reagents that should send an important and timely warning shot to all those engaged in 'viromics'.
Although there have been previous discussions on the prevalence and impact of reagent contamination [4, 5] , and the echoes of some very high profile cases (such as XMRV; [6, 7] ) can still be heard, the work of Asplund et al. is notable because of its size: an analysis of over 700 sequencing libraries, many from humans, generated using eight different protocols including shotgun DNA and RNA sequencing as well as a variety of enrichment and capture protocols, and involving over 50 laboratory reagents. A staggering 493 of the virus sequences analysed were significantly associated with the use of laboratory reagents, including those for sample storage and nucleic acid extraction, purification and library preparation. In addition, a remarkable 68% of all viral reads were part of clusters linked to laboratory components. Although a wide variety of viruses were statistically linked to the reagents, single-stranded (ss) DNA viruses, such as those related to circoviruses, were particularly common, including a number found in environmental samples such as sewage. To add to the complexity, these reagentassociated viruses often only appeared sporadically in subsets of the total data. Hence, some of the tell-tale signs of contamination, discussed in more detail below, may not be readily apparent.
Although the study of Asplund et al. is based on statistical associations between viruses and reagents, greatly enhanced by the fact that some of the human samples were processed using different protocols and sequenced multiple times, the sheer scale of the contamination is remarkable, and few reagents go contamination free. Figure 1 in the Asplund et al. paper, that starkly depicts the extent and structure of contamination, should probably be posted on every laboratory wall as a warning. Interestingly, components used in nucleic acid purification, nucleases and library kits were particularly prone to the presence of viruses, with RNeasy MinElute the most contaminated reagent, followed by ScriptSeq v2 and ScriptSeq Gold. Although previous studies have shown that marine organisms are may be an especially rich source of reagent contamination [5] , one of the key observations of the Asplund et al. study was that common human viruses, such as B19 parovirus, may also be contaminants, greatly complicating both diagnostics and prevalence studies. Also of importance, although perhaps expected, was that reagent-associated contamination was primarily associated with individual sequence reads rather than assembled contigs. Hence, special care must be taken when assigning sequences to viruses based on read data alone, and it is important to drill down into the individual reads to guarantee that they truly represent the microbe suggested by the bioinformatics analysis, rather than simply mis-assignment which is commonplace.
Although many of the contaminants identified by Asplund et al. were ssDNA viruses, it is clear that other types of microbe are also present in laboratory reagents. The widespread presence of bacteria, and how this might impact studies of the microbiome, is now appreciated [8] . It is also clear that RNA viruses can find their way into laboratory materials, with Kadipiro virus (a double-strand RNA virus) an excellent case in point [9] . My own research group has also found evidence that members of the Kinetoplastida e a group of protists that include such clinical important parasites as trypanosomes e are also strongly associated with reagents, along with the ubiquitous ssDNA viruses. As well as reagents, the environment may also represent an important source of analytical noise, as any virus sequence reads obtained could in theory come from microorganisms that are co-infecting the host, or be associated with host diet [2] . Indeed, some of the earliest metagenomic studies of humans revealed that plant viruses are a common component of human faecal matter, reflecting the consumption of plants as food [10] , and so should not be regarded as pathogens.
If reagent contamination is so pervasive, how best to deal with it? First, and most obvious, in the context of trying to identify the possible microbiological cause of a specific infectious disease it is always important to confirm the presence of a microbe suggested by sequencing through an additional step, such as PCR or even cell culture. Hence, despite its immense power and potential, at present metagenomics might be best thought of as a first-line method to identify potential pathogens for follow-up, rather than the final word in pathogen identification. Indeed, in diagnostic cases, it is advisable to sequence a blank control, such as a sterile water sample, in each case, and then use this as a quality control filter in comparisons of viromes obtained from the case sample. Hopefully cleaner reagents and more reliable bioinformatics screens are a not too distant dream. Next, there are a few important tell-tale signals of reagent contamination: for example, reads associated with reagents are often (although not always) at low abundance and will be found in multiple libraries. Indeed, as pointed out by Asplund et al., it is critical to consider genome coverage, read depth and the distribution of read/contig alignments across the viral genome as key parameters that might be indicative of contaminant or bona fide sequences. Finally, and perhaps most important of all, the analysis and interpretation of high-throughput sequencing and metagenomic data requires a healthy dose of common sense. If the data contain virus sequence reads that are phylogenetically divergent from those normally associated with the host of interest, such as the presence of marine or plant viruses in a human sample, then the possibility of reagent contamination should be carefully considered.
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